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Abstract 

In  this  paper,  perovskite  type  Lao.6Cao.4Co03  as  a  catalyst  of  oxygen  reduction  was  prepared,  and  the  structure  and  performance  of 
the  catalysts  was  examined  by  means  of  IR,  X-ray  diffraction  (XRD),  and  thermogravimetric  (TG).  Mixed  catalysts  doped,  some  metal 
oxides  were  put  also  used.  The  cathodic  polarization  curves  for  oxygen  reduction  on  various  catalytic  electrodes  were  measured  by  linear 
sweep  voltammetry  (LSV).  A  Zn-air  battery  was  made  with  various  catalysts  for  oxygen  reduction,  and  the  performance  of  the  battery 
was  measured  with  a  BS-9300SM  rechargeable  battery  charge/discharge  device.  The  results  showed  that  the  perovskite  type  catalyst 
(Lao.6Cao.4Co03)  doped  with  metal  oxide  is  an  excellent  catalyst  for  the  zinc-air  battery,  and  can  effectively  stimulate  the  reduction  of 
oxygen  and  improve  the  properties  of  zinc-air  batteries,  such  as  discharge  capacity,  etc. 

©  2003  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

The  great  efforts  are  made  worldwide  to  develop  battery 
systems  having  high  specific  energy.  The  demand  for  such 
systems  has  risen  dramatically  in  recent  times,  particularly 
in  connection  with  electric  traction,  the  storage  of  electri¬ 
cal  energy  from  photovoltaic  installations  and  the  opera¬ 
tion  of  portable  devices.  Among  all  batteries,  because  of  its 
steady  performance,  source  of  raw  material  and  low-cost,  the 
study  and  development  the  of  zinc-air  battery  is  paid  more 
and  more  attention.  Because  of  their  high  specific  energy 
(100  Whkg-1)  and  inexpensive  and  environmentally  benign 
materials,  Zn-air  batteries  are  promising  energy  storage  de¬ 
vices  [1]. 

It  is  a  special  feature  of  the  zinc-air  system  that  only  the 
active  component  of  the  negative  electrode  (zinc)  needs  to 
be  stored  in  the  battery,  while  the  reactant  for  the  positive 
electrode  (oxygen)  during  discharge  is  drawn  from  the  air. 
This  is  the  basis  for  the  system’s  high  specific  energy — 
distinctly  higher  than  that  of  conventional  battery  systems 
(Lead-acid,  Ni/Cd,  Ni/MH). 

There  are  two  kinds  of  Zn-air  batteries,  primary  and 
rechargeable.  The  key  problem  the  development  of  Zn-air 
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batteries  is  the  oxygen-diffusion  electrode.  Usually,  it  is  a 
porous,  carbon-based  oxygen-diffusion  electrode  consisting 
of  a  mixture  of  catalysts  and  carbon.  Various  types  of  electro¬ 
catalysts,  e.g.  Pt  and  Pt-Ru  alloys  have  been  investigated  as  a 
key  component  of  the  electrodes,  but  they  are  expensive.  Sig¬ 
nificant  progress  has  been  made  in  recent  years  in  the  devel¬ 
opment  of  less  expensive  electrocatalysts  such  as  perovskite 
(e.g.  Lai_xCaxCo03),  spinels  (e.g.  C03O4,  NiC^OA  py- 
rochlores  (e.g.  Pb2Ru2Pb|_A0|_v,  Pb2Ru20(,  5),  other  ox¬ 
ides  (e.g.  Nao.8Pt3C>4),  and  pyrolyzed  macrocycles  with  Co 
additives  [2]. 

Due  to  the  cost  of  the  catalyst,  non-noble  catalysts  such 
as  metal  oxides  in  the  form  of  perovskites,  pyrochlores,  and 
spinels  are  preferred  over  noble  metals  for  activating  the  air 
electrode  for  the  oxygen  reduction  and  evolution  reactions 
[3-5].  The  perovskite  catalyst  (Lao.6Cao.4Co03)  was  widely 
studied  as  a  cathode  material  for  Zn-air  batteries,  owing  to 
its  high  catalytic  activity  for  oxygen  reduction.  The  active 
layer  contains  perovskite  catalyst  (Lao.6Cao.4Co03)  [3]  sup¬ 
ported  by  graphitized  carbon  and  bonded  with  PTFE.  The 
gas-diffusion  layer  consists  of  PTFE-bonded  carbon  black. 

The  perovskite -type  catalysts  have  been  investigated  for 
improvement  in  the  preparation  method,  promotion  effects 
by  partially  substituting  A  or  B  cations,  and  adsorption 
phenomenon  of  oxygen  the  characterization  of  the  surface 
properties,  etc.  [6].  Sr-substitution  (0. 1-0.4 mol)  for  La  in 
the  LaCoC>3  lattice  has  been  observed  to  improve  both  the 
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real  surface  area  as  well  as  the  apparent  catalytic  activ¬ 
ity  of  the  oxide  towards  O2  evolution  in  alkaline  solution; 
the  enhancement  in  surface  area  was  found  to  be  2-5-fold 
[5,8], 

Recently,  Tiwari  et  al.  [5]  synthesized  Lai_ASrACo03 
(0  <  jc  <  0.5)  and  Lao.8Sro.2Coi_>,Bv03  (B  =  Ni;  Fe;  Cu 
or  Cr;  0  <  y  <  0.3)  using  malic  acid  and  observed  that 
the  LaCoC>3  electrode  with  x  =  0.2  was  the  most  active 
and  that  0. 1  mol  Fe/or  Ni  substitution  at  the  B  site  further 
improved  considerably  both  the  apparent  (fa)  and  true  ac¬ 
tivity  (it)  towards  electrolytic  evolution  of  O2  in  1  M  KOH 
at  25  °C. 

Although  the  perovskite  catalyst  Lao.6Cao.4Co03  has 
been  studied  in  detail,  we  consider  that  it  is  improved  by 
using  mixed  catalysts  with  other  metal  oxides.  In  this  pa¬ 
per,  in  order  to  obtain  a  relatively  more  efficient  oxygen 
electrode  by  a  simpler  and  low-cost  method,  we  report 
a  method  for  perovskite  catalyst  (Lao.eCao./tCoC^)  using 
co-precipitation  and  calcining,  and  have  investigated  the 
physicochemical  and  electrocatalytic  properties  towards  O2 
reduction  reaction,  especially  with  the  performance  of  the 
perovskite  catalyst  doped  metal  oxides. 

2.  Experimental 

2.1.  Sample  preparation 

The  catalyst  Lao.6Cao.4Co03  powder  was  prepared  by  an 
amorphous  citrate  precursor  method  [9].  A  solution  contain¬ 
ing  a  mixture  of  citric  acid  and  constituent  metal  nitrates, 
including  La(NC>3)3,  Ca(NC>3)2,  and  Co(NC>3)2,  was  gradu¬ 
ally  evaporated  at  75  °C  until  a  blue  paste  was  formed.  The 
molar  ratio  of  citric  acid  to  the  metal  nitrates  was  1:1,  and 
the  molar  ratio  of  metal  nitrates  for  La(NC>3)3,  Ca(NC>3)2, 
and  Co(N03)2  is  0.6:0.4:0.1.  The  blue  paste  continued  to 
dry  at  90  °C  for  48  h  until  it  changed  into  a  blue  solid;  the 
solid  was  then  pre-calcined  at  200  °C  for  2.5  h  and  continued 
to  calcine  for  2.5  h  at  increasing  temperatures  up  to  700  °C 
to  form  the  perovskite  phase.  The  resulted  powder  was  then 
further  annealed  in  vacuum  (500-600  °C;  B  0.01  Torr)  for 
1  h  to  create  oxygen  deficiencies. 

2.2.  Sample  characterization 

The  powder  X-ray  powder  diffraction  patterns  of  the  sub¬ 
stituted  spinels  were  obtained  using  the  X-ray  diffraction 
(XRD)  method  employing  Cu  Ka  radiation  (Rigaku,  Mini¬ 
flex  Co.  Ltd.). 

Thermogravimetric  (TG)/derivative  thermogravimet- 
ric  (DTG)  measurements  were  carried  out  by  using  a 
Rigaku  PTC-10A  thermal  analyzer  with  a  nitrogen  flow  of 
70mlmin_1  at  a  rate  of  10  °C  min"  1  from  room  temperature 
to  800  °C.  About  10  mg  of  sample  was  used  in  each  test. 

IR  spectra  were  attained  at  room  temperature  with  the 
help  of  a  Nicolet  51  OP  FT-IR  spectrometer. 


2.3.  Electrode  preparation  and  electrochemical 
measurement 

The  mixed  catalyst  doped  some  metal  oxides  was  con¬ 
sist  of  Lao.6Cao.4Co03  and  metal  oxides.  To  prepare 
the  active  layer  of  the  air  electrode,  a  mixture  contain¬ 
ing  Lao.6Cao.4Co03,  metal  oxides,  and  carbon  black  was 
ball-milled  in  the  ball-milled  machine  for  0.5  h,  then  the 
mixture  and  PTFE  suspension  (60  wt.%  in  H2O)  with  weight 
ratios  of  9:1  were  first  mixed  and  ground  in  excess  ethanol 
and  then  dried  at  85  °C  to  give  a  dough-like  paste,  which 
was  finally  rolled  into  a  thin  layer  of  200  |xm  thickness.  A 
diffusion  layer  containing  only  carbon  black  and  PTFE  was 
prepared  by  the  same  process. 

The  air  electrode  was  characterized  with  a  three-electrode 
configuration  with  a  nickel  foam  counter-electrode  and  a 
Hg/HgO/OH-  (7  M)  reference  electrode.  The  electrolyte  is 
7M  KOH,  purified  by  electrolysis  under  nitrogen  atmo¬ 
sphere  and  maintained  at  25  °C.  The  polarization  curves 
were  acquired  on  an  electrochemical  work  station  (CHI 
660A)  under  a  constant  potential-sweep  rate  of  5  mV  s-1. 

The  air-electrodes  are  composed  of  two  layers.  A  hy¬ 
drophobic  gas  diffusion  layer  (on  the  gas  side)  containing 
carbon  black  and  PTFE  and  an  active  layer  (on  the  elec¬ 
trolyte  side),  containing  the  Lao.6Cao.4Co03  perovskite  cat¬ 
alyst  supported  on  graphite  like  carbon  material  and  PTFE. 
The  carbon  material  was  Vulcan  XC72  (Cabot).  Both  lay¬ 
ers,  together  with  a  nickel  foam  current  collector  on  top  of 
the  gas  diffusion  layer,  were  pressed  together  at  40  MPa  for 
5  min.  The  thicknesses  of  the  electrodes  used  in  the  experi¬ 
ment  were  typically  0.6  mm. 

The  cell-discharge  capacity  was  measured  and  com¬ 
pared  with  the  commercial  alkaline  Zn-Mn02  battery  by 
BS-9300SM  rechargeable  battery  charge/discharge  device. 
The  discharge  current  is  10  mA  and  the  cut-off  voltage  is 
0.8  V. 


3.  Results  and  discussion 

3.1.  Examination  and  analysis  of  structure 

Powder  X-ray  diffraction  results  indicated  that  the  materi¬ 
als  were  single-phase  cubic  perovskite  structures  or  distorted 
cubic  structures.  Fig.  1  is  the  XRD  pattern  for  perovskite 
catalyst  Lao. 6Cao.4Co03.  XRD  analysis  (Fig.  1)  and  showed 
that  the  reflection  from  the  powder  were  not  consistent  with 
a  single -phase  Lao.6Cao.4Co03  [10].  The  peaks  are  sharper 
and  more  intense,  suggesting  better  crystallinity  and  larger 
crystallites.  No  detectable  position  shifts  of  the  diffraction 
lines  were  observed.  However  the  powder  retained  about  the 
same  lattice  structure,  there  was  the  appearance  of  C03O4 
and  La203  phases  (C03O4  (d  =  2.44),  La(OH)3  (d  =  2.91, 
3.526))  as  well  as  shrinkage  in  unit-cell  parameters. 

The  thermogravimetric  (mass  loss,  TG)  and  derivative 
thermogravimetric  (rate  of  mass  loss,  DTG)  curves  of  5  mg 
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Fig.  2.  TG  analysis  of  the  catalyst  Lao.6Cao.4Co03. 


of  Lao.6Cao.4Co03  are  given  in  Figs.  2  and  3,  respectively. 
When  the  curves  are  compared,  four  different  regions  can  be 
distinguished  as  follows:  from  ambient  to  128  °C,  between 
128  and  200  °C,  from  200  to  280  °C,  from  280  to  300  °C. 
By  300  °C  the  formation  of  the  solid  oxide  corresponding 
to  a  total  mass  loss  of  approximately  25.345%  is  complete. 
It  can  be  seen  from  Fig.  1  that  the  thermogravimetric  curve 
abruptly  decreases  from  ambient  to  128  °C,  and  it  can  be 


seen  from  Fig.  2  that  the  thermogravimetric  curve  has  a 
strong  peak  at  102.9  °C.  This  peak  has  a  mass  loss  of  ap¬ 
proximately  2 1 .828%  and  represents  water  loss  in  perovskite 
catalyst  Lao.6Cao.4  C0O3.  From  200  to  280 °C,  another 
strong  peak  appears  at  152.4  °C.  This  peak  may  represent 
further  oxidation  of  some  elements,  e.g.  Co  compound  was 
oxidized  into  C03O4  and  La2C>3  was  formed,  which  has 
been  found  from  X-ray  diffraction  results  (in  Fig.  1).  At 


Fig.  3.  DTG  analysis  of  the  catalyst  Lao.6Cao.4Co03. 
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Fig.  4.  FAR-IR  spectrum  of  the  catalyst  Lao.6Cao.4Co03. 


347.6  °C,  a  weak  peak  can  be  found.  Usually,  this  peak  is 
considered  to  be  due  to  phase  change.  By  300  °C,  a  stable 
perovskite  compound  has  formed. 

Fig.  4  presents  the  FTIR  spectra  of  the  perovskite 
catalyst  Lao.6Cao.4  C0O3.  IR  spectra  of  oxide  in  the  re¬ 
gion  of  4000-400  cm-1  exhibited  some  bands,  the  strong 
bands  at  600-700  and  540-600  cm-1,  and  a  weak  band  at 
420-520  cirT  1  (Fig.  4).  The  strong  band  is  characteristic  of 
a  pure  perovskite  phase  and  can  be  ascribed  to  the  (Co-O) 
vibration  [11,12].  The  broad  and  centered  at  3428  cm-1  is 
due  to  the  t’o-H  vibration  of  H-bonded  water  molecules 
located  in  the  interlamellar  space  of  the  perovskite  catalyst 
Lao^Cao  4C0O3 . 

3.2.  Polarization  curves  measurement 

The  Zn-air  battery  has  a  theoretical  battery  voltage  1.65  V. 
The  overall  battery  discharge  reactions  can  be  summarized 


as  follows  [13]. 

At  the  positive  electrode: 

02  +  2H20  +  4e^  40H-;  E°  =  0.40  V  (1) 

At  the  negative  electrode: 

2Zn  -*  2Zn2+  +  4e  (2) 

2Zn2+  +  40H-  -*  2Zn(OH)?;  E°  =  1.25  V  (3) 

2Zn(OH)2  ->  2ZnO  +  2H20  (4) 

Overall  battery  reaction: 

2Zn  +  02  -*  2ZnO;  E°  =  1 .65  V  (5) 


As  seen  from  above  reactions  (l)-(5),  the  key  electrode  re¬ 
action  for  Zn-air  battery  is  the  oxygen  reduction  reaction. 
The  oxygen  reduction  process  is  complex  and  involves  a 
rate-limiting  step  which  affects  the  reaction  kinetics  and  the 
battery  performance.  This  stage  involves  the  formation  of 
hydroperoxide  ions  H02-,  catalysts  are  required  to  acceler¬ 
ate  the  decomposition  of  these  hydroperoxide  ions. 


Usually,  for  the  two  reactions  occurring  at  the  02  elec¬ 
trode  (see  reactions  (6)— (7)),  is  adopted  the  mechanism  pro¬ 
posed  in  [10],  where  the  reduction  of  02  to  OH-  in  alkaline 
solution  occurs  via  an  intermediate  peroxide  H02- .  The  first 
step,  02  reduction  to  H02-  (reaction  (6)),  is  considered  to 
follow  the  reaction  equation: 

02  +  H20  +  2e  -*  H02-  +  OH-  (6) 

The  intermediate  H02-  then  reacts  by  catalytic  dispropor¬ 
tionation  to  02  and  OH-  (reaction  (7)): 

H02-  ->  i02  +  OH-  (7) 

Therefore,  in  order  to  study  the  effect  of  the  catalyst  on  the 
oxygen  reduction  reaction,  Fig.  5  shows  the  cathode  polar¬ 
ization  curves  of  electrodes  with  different  catalyst  amounts. 
The  curve  which  has  5  wt.%  catalyst  showed  the  highest  cur¬ 
rent.  The  others  showed  lower  current,  but  were  very  similar 
in  current  magnitude  and  Tafel  slope  (see  Fig.  6).  To  com¬ 
pare  the  characteristics  of  the  electrodes,  the  results  of  the 


0.0  -0.1  -0.2  -0.3  -0.4  -0.5  -0.6 

Potential/V  vs.Hg/HgO 

Fig.  5.  Cathodic  polarization  curves  of  electrodes  with  different  catalyst 
amount.  Catalyst  Lao.6Cao.4Co03  content:  (1)  5%;  (2)  10%;  (3)  15%;  (4) 
20%;  (5)  25%;  (6)  30%. 
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polarization  study  in  Fig.  5  are  tabulated  in  Table  1  where 
the  currents  at  fixed  potentials  are  tabulated  and  the  value 
of  A//A<£  is  given  for  each  curve  in  Fig.  5,  this  value  came 
from  the  data  in  Fig.  5  at  a  potential  —0.2  and  —0.5  V  and 
can  be  used  to  determine  the  effects  of  the  catalyst  on  po¬ 
larization  of  the  oxygen  reduction  reaction.  From  Table  1, 
the  curve  which  has  15  wt.%  catalyst  displayed  the  highest 
value  and  this  indicates  that  this  curve  has  smallest  polar¬ 
ization  for  the  oxygen  reduction  reaction. 

Shown  in  Fig.  6  are  the  Tafel  plots  of  the  data  in  Fig.  5. 
As  expected,  the  data  showed  very  flat  Tafel  regions.  At 
any  given  potential,  the  electrodes  with  different  catalyst 
contents  gave  different  polarization  behavior  and  suggest 
different  electrocatalytic  activity. 

In  Fig.  6  the  reduction  of  oxygen  has  two  Tafel  zones. 
Rios  et  al.  [14]  studied  the  correlations  between  electro- 
catalytic  activities  towards  reduction  of  oxygen  on  pow¬ 
der  electrodes  of  cobalt  and  manganese  spinel  type  oxides 
MnvCo3_A04  and  found  that  the  Tafel  curve  was  also  di¬ 
vided  into  two  regions.  Wu  et  al.  [7]  found  that  catalytic 
activities  of  Lao  ^Cao^CoO^- 1  towards  oxygen  reduction 
and  evolution  were  affected  by  two  mechanisms.  Thus,  the 
mechanism  of  oxygen  reduction  reaction  on  the  perovskite 
catalyst  synthesized  in  simple  method  is  in  agreement  with 
Wu  et  al.  [7]  and  Rios  et  al.  [14], 


Table  1 


Performance 

comparison  of  different  electrodes 

Amount  of 

Current  at 

Current  at 

A// A# 

catalyst  (%) 

-0.2  V  (A) 

-0.5  V  (A) 

5 

-0.03982 

-0.06909 

0.09757 

10 

-0.03289 

-0.05786 

0.083233 

15 

-0.05151 

-0.08256 

0.1035 

20 

-0.01890 

-0.03096 

0.0402 

25 

-0.01553 

-0.02506 

0.03177 

30 

-0.01992 

-0.03490 

0.04993 

Fig.  7.  Cathodic  polarization  curves  of  different  catalytic  electrodes 
doped  different  compounds.  Catalyst:  (1)  LaogCao.aCoOs  15%,  (2) 
Lao.6Cao.4Co03  15%,  MnO?  5%  and  Ni(OH)2  15%,  (3)  Lao.6Cao.4CoC>3 
15%  and  Mn02  20%.  (4)  Lao.6Cao.4Co03  15%,  Mn02  15%  and  CaO  5%. 

3.3.  The  mixed  catalyst  doped  with  metal  oxides 

Even  the  best  catalysts  that  are  presently  available,  such 
as  Pt,  show  substantial  irreversibility  with  the  result  that 
considerable  energy  is  wasted.  An  improved  catalyst  for 
O2  reduction  and  generation  will  bring  improvements  in 
the  performance  of  fuel  cells,  metal-air  batteries,  industrial 
electrolytic  processes,  and  electrochemical  sensors.  Despite 
extensive  research  on  the  O2  electrode  reaction,  there  is  no 
satisfactory  catalyst  available  that  will  perform  in  a  bifunc¬ 
tional  manner  with  low  overpotential  at  practical  current 
densities.  Even  with  the  most  active  catalyst,  such  as  highly 
dispersed  platinum,  the  activation  overpotential  for  the  re¬ 
duction  process  is  typically  —0.3  to  —0.45  V  at  practical 
current  densities  [15].  Wei  et  al  [16].  reported  that  a  catalyst 
prepared  from  carbon  black  mixed  with  pyrolytic  MnCh 
was  used  as  an  air-electrode  and  showed  a  better  results. 

Fig.  7  shows  cathode  polarization  curves  for  electrodes  of 
mixed  catalyst  and  graphite.  The  mixed  catalyst  was  com¬ 
posed  of  perovskite  Lao.6Cao.4Co03  and  metal  oxide,  e.g. 
Ni(OH)2,  MnCT,  CaO.  As  seen  from  Fig.  7,  the  curves  dis¬ 
played  different  slopes  with  different  catalysts.  The  currents 
and  the  value  of  A//A<P  in  Fig.  7  are  summarized  in  Table  2. 

Table  2 


Performance  comparison  of  different  catalytic  electrodes  doped  compound 


The  composition  of  catalyst 

Current  at 
-0.1V  (A) 

Current  at 
-0.3V  (A) 

A//A<Z> 

Lao.6Cao.4Co03  15% 

-0.03395 

-0.06754 

0.1680 

Lao.6Cao.4Co03  15%, 

-0.02971 

-0.06541 

0.1785 

Mn02  15%,  CaO  5% 

Lao.6Cao.4Co03  15%, 

-0.02505 

-0.05788 

0.1642 

Mn02  20% 

Lao.6Cao.4Co03  15%, 

-0.02640 

-0.05345 

0.1353 

Mn02  5%,  Ni(OH)2  15% 
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Fig.  8.  Comparison  of  discharge  curves  for  Zn-air  battery  and  Nanfu 
alkaline  Zn-Mn02  battery.  (1)  Commercial  Zn-MnC>2  alkaline  battery, 
(2)  Zn-air  battery  with  the  catalyst  composition  of  Lao.6Cao.4Co03  15%, 
MnC>2  5%  and  Ni(OH)2  15%,  (3)  Zn-air  battery  with  Lao.6Cao.4Co03 
15%. 

It  can  be  found  from  Table  2  and  Fig.  7  that  curves  1  and  2 
showed  the  larger  slope,  for  example.  This  suggests  that  they 
have  a  lower  polarization  for  oxygen  reduction  than  others. 
However,  curve  2  has  much  higher  value  of  AI/A&  than 
curve  1.  This  indicates  that  curve  2  has  less  polarization  for 
the  oxygen  electrode  reaction.  Thus,  mixed  catalysts  doped 
with  some  metal  oxides  have  much  better  electrocatalytic 
activity  for  the  oxygen  reduction  reaction. 

3.4.  Performance  of  Zn-air  battery 

Discharge  profiles  at  constant  current  of  10  mA  for  Zn-air 
batteries  with  different  amounts  of  catalysts  are  given  in 
Fig.  8.  It  can  be  seen  from  Fig.  8  that  the  Zn-air  batteries  con¬ 
taining  15  wt.%  Lao.6Cao.4Co03  15%  and  Lao.eCao./tCoCb, 
MnCH  5%,  Ni(OH)2  15%  as  the  catalyst  for  the  air-electrode 
have  clearly  much  higher  discharge  capacities  than  commer¬ 
cial  Zn-MnC>2  alkaline  batteries  of  the  same  size.  Further¬ 
more,  the  Zn-air  battery  containing  Lao.6Cao.4Co03,  MnC>2 
5%,  Ni(OH)2  15%  as  the  catalyst  for  the  air-electrode  has 
the  highest  discharge  capacity.  For  the  sake  of  clarity,  the 
data  of  curve  2  in  Fig.  8  and  the  commercial  Zn-MnCH  al¬ 
kaline  battery  (curve  1)  are  tabulated  in  Table  3.  It  can  be 
seen  from  Table  3  that  the  discharge  plateau  voltage  of  the 
Zn-air  battery  is  1 .273  V  while  commercial  Zn-MnCH  al¬ 
kaline  battery  is  1.202  V. 

The  Zn-air  battery  is  able  to  sustain  the  current  drains, 
as  demonstrated  by  the  flat  discharge  curves  (in  Fig.  8). 
The  total  capacity  of  the  Zn-air  battery  is  limited  by  the 
Zn  electrode.  The  air  electrode  itself  is  not  discharged;  it 
only  reduces  oxygen  in  the  electrode  reaction  an  discharge. 
This  is  the  apparent  difference  between  the  Zn-air  bat¬ 
tery  and  the  commercial  Zn-MnC>2  alkaline  battery.  In  the 
commercial  Zn-MnCH  alkaline  battery,  the  capacity  of  the 


Table  3 

Comparison  of  discharge  curves  for  Zn-air  battery  and  Commercial  al¬ 
kaline  Zn-MnC>2  battery 


Parameters 

Commercial  alkaline 
Zn-Mn02  battery 

Zn-air 

battery 

Discharge  current  (mA) 

10 

10 

Opening  circuit  voltage  (V) 

1.602 

1.383 

Cut-off  voltage  (V) 

0.8 

0.8 

Discharge  middle  voltage  (V) 

1.273 

1.202 

Initial  resistance  (m£2) 

4531.2 

4532.8 

Average  resistance  (m£2) 

4078.08 

3885.26 

Discharge  time  (min) 

7055 

10496 

Discharge  capacity  (mAh) 

1205 

1819 

battery  not  only  depends  on  the  amount  of  Zn  powder  in 
the  anode,  but  also  on  the  amount  of  Mn02  in  the  cathode. 
However,  in  the  Zn-air  battery,  the  capacity  of  the  battery 
only  depends  on  the  amount  of  Zn  powder  if  there  is  a 
good  catalyst  to  sustain  the  reduction  reaction  of  oxygen. 
The  amount  of  catalyst  in  a  Zn-air  battery  is  markedly 
less  than  the  amount  of  the  cathode  active  material  in  the 
commercial  Zn-Mn02  alkaline  battery,  thus  for  the  same 
size  battery,  the  Zn-air  battery  has  a  much  higher  discharge 
capacity  than  the  commercial  Zn-Mn02  alkaline  battery. 
So,  it  can  be  found  from  Table  3  that  the  discharge  time 
of  the  Zn-air  battery  lasted  for  10,496  min,  while  the  same 
size  commercial  Zn-MnC>2  alkaline  battery  only  sustained 
7055  min,  that  is,  the  capacity  of  the  Zn-air  battery  is  over 
30%  more  than  commercial  Zn-MnCH  alkaline  battery. 


4.  Conclusion 

The  catalyst  Lao.6Cao.4Co03  was  synthesized  under  sim¬ 
ple  conditions.  XRD  analysis  reveal  that  the  Lao.6Cao.4Co03 
has  a  perovskite  structure.  Electrochemical  investigation 
showed  that  the  perovskite  catalyst  Lao.6Cao.4Co03  is  a 
promising  electrocatalyst  for  oxygen  reduction  in  alkaline 
media,  especially  as  a  mixed  catalyst  doped  with  other  metal 
oxides.  The  data  on  the  discharge  capacity  of  a  Zn-air  battery 
and  the  same  size  commercial  Zn-MnCH  alkaline  battery 
showed  that  the  Zn-air  battery  has  a  much  higher  discharge 
capacity  than  the  commercial  Zn-MnCH  alkaline  battery. 

Although  the  perovskite  catalyst  Lao.6Cao.4Co03  is  an  ex¬ 
cellent  electrocatalyst  for  the  oxygen  reduction  reaction,  the 
investigation  found  that  a  mixed  catalyst,  which  consisted  of 
a  perovskite  catalyst  Lao.6Cao.4Co03  and  some  other  metal 
oxide,  represents  a  much  better  choice.  This  suggests  that 
using  a  mixed  catalyst  is  a  much  better  method  of  manufac¬ 
ture  of  the  air-electrode  for  metal-air  battery. 
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